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Abstract 
Metal nanoparticles especially for silver nanoparticles with potential applications 
including biosensing, medicine, optoelectronics, catalysis, detection and 
magnetization due to their small size effect, surface effect and macroscopic quantum 
tunneling effect etc have become an increasingly important research area in materials 
science and engineering in recent years. However, there are still some challenges for 
synthesis of uniformly distributed silver nanoparticles and their applications in 
biosensor. In this work, silver nanoparticles were synthesized by inorganic chemical 
reduction method and nanosphere lithography. And then molecules were modified and 
their extinction spectra were detected and studied. The major conclusions are outlined 
as follows: 
(1) The synthesis of silver nanoparticles: Small sizes （7-10 nm） silver 
nanoparticles with good dispersion could be prepared by reduction of silver nitrate 
with sodium borohydride; While larger sizes (20-100 nm) of silver nanoparticles 
could be synthesized by reduction of silver nitrate with sodium citrate using 
polyvinylpyrrolidone (PVP) as a stabilizer. The diameters of silver nanoparticles are 
controlled by the mass of sodium citrate. With increasing sizes of silver nanoparticles, 
the extinction peaks were red-shifted and the FWHMs of extinction spectra were 
broadened. By nanosphere lithography, uniformly sized and shaped arrays of silver 
nanoparticles were prepared; different arrays of silver nanoparticles’ arrays were 
obtained using different methods of physical vapor deposition; different shapes of 
silver nanoparticles’ arrays were prepared for different PS templates; the thickness of 
silver film deposited by magnetron sputtering has a effect on shapes of silver 
nanoparticles’ arrays as well. 
(2) Simulations of spectra of AgNPs and AgNPs/dielectric-layer and 
AgNPs/dielectric-layer utilizing discrete dipole approximation (DDA): Extinction 














- III - 
modified with dielectric-layer. Extinction peaks shifted, and changes after modifying 
molecule were more obvious to the silver nanoparticles with smaller diameters thus 
presented better detective properties. 
 (3) Silver nanoparticles modified with bovine serum albumin (BSA) molecules. 
Extinction spectra of silver nanoparticles were affected when decorated with BSA. 
With increasing decorating thicknesses, extinction peaks shifted and the maximums 
decreased. Changes after modifying molecule were more obvious to the silver 
nanoparticles with smaller diameters thus presented better detective properties. The 
experimental results were consistent with the simulations. 
 
Keywords: synthesis of silver nanoparticles; nanosphere lithography; molecular 








































“纳米材料”的名称出现在 20 世纪 80 年代，它是指三维空间中至少有一维处















































σ=4EF/3N，其中为 EF 费米能级，N 为微粒中的总原子数。显然，当 N→∞时，σ→0，
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的磁通量也具有隧道效应，称为宏观量子隧道效应。量子隧道效应是未来微电子
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图 1.1 金属纳米粒子等离子共振示意图[11] 
1) 粒子尺寸的影响 
当纳米粒子尺寸的大小远远小于所吸收的光的波长时，只有偶极子共振模式
作贡献于粒子的吸收光谱。对于银纳米粒子来说，当粒径小于 60 nm 时，其吸收
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